
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

25
9 

61
8

A
1

��&��

��������
(11) EP 2 259 618 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
08.12.2010 Bulletin 2010/49

(21) Application number: 09721737.6

(22) Date of filing: 19.03.2009

(51) Int Cl.:
H04W 24/10 (2009.01) H04W 4/06 (2009.01)

H04W 72/08 (2009.01) H04W 76/00 (2009.01)

(86) International application number: 
PCT/JP2009/055404

(87) International publication number: 
WO 2009/116614 (24.09.2009 Gazette 2009/39)

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MK MT NL NO PL 
PT RO SE SI SK TR
Designated Extension States: 
AL BA RS

(30) Priority: 21.03.2008 CN 200810084422

(71) Applicant: Sharp Kabushiki Kaisha
Osaka-shi, Osaka 545-8522 (JP)

(72) Inventors:  
• HUANG, lei

c/o Sharp Electronics (Shanghai) Co., Ltd. )
Shanghai 201 203 (CN)

• LIU, renmao
c/o Sharp Electronics (Shanghai) Co., Ltd. )
Shanghai 201 203 (CN)

• LIANG, Yongming
c/o Sharp Electronics (Shanghai) Co., Ltd. )
Shanghai 201 203 (CN)

• DING, Ming
c/o Sharp Electronics (Shanghai) Co., Ltd. )
Shanghai 201 203 (CN)

• CHEN, Chen
c/o Sharp Electronics (Shanghai) Co., Ltd. )
Shanghai 201 203 (CN)

(74) Representative: Müller - Hoffmann & Partner
Patentanwälte 
Innere Wiener Strasse 17
81667 München (DE)

(54) METHOD FOR SWITCHING RADIO RESOURCE CONTROL STATE, BASE STATION AND USER 
DEVICE

(57) The present invention provides: a method for
switching an RRC state; an eNB; and a UE. The eNB
(104) of the present invention includes: a sending/receiv-
ing unit (1040) for carrying out data communication with
one or more MBMS·UEs in a cell; a calculation unit (1042)
for calculating the number of RRC connections currently
available in a system; an execution determination unit
(1044) for determining whether or not a switchover of an
RRC state of the one or more MBMS·UEs is necessary,
on the basis of the number of RRC connections currently
available in the system and a threshold value of the
number of RRC connections; a request unit (1046) for
transmitting, via the sending/receiving unit (1040), a
measurement report request to all of the one or more
MBMS·UEs in the cell, in a case where the execution
determination unit (1044) determines that the switchover
of the RRC state of the MBMS·UE(s) is necessary; and
an accurate value determination unit (1048) for (i) deter-
mining an accurate reference measurement threshold
value with respect to a parameter on the basis of the
threshold value of the number of the RRC connections
and data of a measured parameter, received via the

sending/receiving unit (1040) from each of the one or
more MBMS·UEs, and (ii) transmitting, via the sending/
receiving unit (1040), the accurate reference measure-
ment threshold value to all of the one or more MBMS·UEs
in the cell.
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Description

Technical Field

[0001] The present invention relates to a field of a mo-
bile communication technique. The present invention re-
lates to, particularly, a method for switching a radio re-
source control (RRC) state, a base station, a user equip-
ment, more particularly, to a technique for switching the
radio resource control state in a multimedia broadcast
multicast service (MBMS) mode of a communication sys-
tem.

Background Art

[0002] Fig. 1 is a view illustrating an arrangement of a
Multimedia Broadcast Multicast Service (hereinafter, re-
ferred to as "MBMS") system defined by Long Term Ev-
olution (hereinafter, referred to as "LTE") of a mobile com-
munication system. The following description deals with
the arrangement of the MBMS system.
[0003] The MBMS system includes: an Evolved Broad-
cast Multicast Service Center (hereinafter, referred to as
"eBM-SC") 101; an Evolved Broadcast Multicast Gate-
way (hereinafter, referred to as "eBM-GW") 102; an
Evolved Node Base station (hereinafter, referred to as
"eNB") 104, and a user equipment (hereinafter, referred
to as "UE") 105. The eBM-SC 101 is a service control
center of the MBMS system. The eBM-GW 102 employs
the IP multicast method so as to carry out synchronization
of timing of MBMS data transmission and transmit the
MBMS data to corresponding eNBs 104. The eNB 104
manages scheduling of resources (radio resources) for
single-cell MBMS transmission, and carries out MBMS
data transmission. The UE 105 is a terminal device for
receiving the MBMS data.
[0004] Currently, problems related to MBMS defined
by LTE have been shared to a certain degree, and de-
scribed in documents of 3GPP. In 3GPP TS 36.300 (E-
UTRA and E-UTRAN Overall description, stage 2,
v8.2.0), two basic MBMS transmission modes are de-
fined.
[0005] One is a single-cell transmission mode (SC-
PTM), in which MBMS only covers a specific cell. Ac-
cording to the single-cell transmission mode, the UE can-
not combine radio signals transmitted from multiple cells,
with each other. Accordingly, the UE in the specific cell
cannot enhance the target radio signal.
[0006] Another is a multi-cell transmission mode
(MBSFN), in which the UE can receive radio signals of
MBMS, simultaneously transmitted from multiple cells,
and can combine these radio signals with each other.
This can improve reliability in reception of MBMS signals.
Further, 3GPP TS 36.300 also describes MBMS recep-
tion states. The UE using MBMS can be in an RRC con-
nected state or an RRC idle state. Which one of the
MBMS reception states is set is determined by a unicast
service connection state of the UE. In a case where the

UE using MBMS takes part in a feedback mechanism,
the UE must be in the RRC connected state.
[0007] At the 60th meeting of 3GPP TSG RAN2, held
in Cheju in South Korea on November 5-9, 2007,
"R2-075455 (summary of discussion on MBMS reception
states for SC-PTM transmission)" was proposed by com-
panies, such as Ericsson, ETRI, and LG Electronics. This
proposition reached an agreement on the reception state
of the UE receiving MBMS in the single-cell transmission
mode.
[0008] According to the proposition, the UE employing
the single-cell MBMS transmission mode can be either
in the RRC connected (RRC_CONNECTED) state or in
the RRC idle (RRC_IDLE) state. The base station can
request the UE employing the single-cell MBMS mode
to turn to the RRC_CONNECTED state regardless of
whether or not the UE is receiving a unicast service (Uni-
cast) which supports point-to-point transmission.
[0009] Further, Ericsson proposed, in the "R2-074709
(MBMS reception state for single-cell transmission)" pre-
sented at the meeting, such a technique that the single-
cell MBMS transmission is carried out only on a downlink
shared channel (DL_SCH), while all of the UEs receiving
MBMS are turned to the RRC_CONNECTED state. The
proposition is based on a premise that there are not so
many UEs receiving MBMS in the single cell. In a case
where the UE receiving MBMS is turned to the RRC con-
nected state, there are advantages in system manage-
ment for the UE receiving MBMS, e.g. simplification of a
mobility management process of the MBMS system, and
simplification of an identification process for the UE re-
ceiving MBMS. Further, the UE receiving MBMS feeds
back information on a current uplink in the unicast sys-
tem, and the system optimizes a parameter for the MBMS
transmission with the use of information thus fed back.
Thus, the quality of MBNS can be improved. Note, how-
ever, that a large number of RRC connections cause
much signaling (command) overhead of the system, and
reduce resource utilization. Further, there is a limitation
in the number of RRC connections available in the sys-
tem. For this reason, in a case where resources of the
RRC connections are occupied by a great number of the
UEs receiving MBMS, the UE receiving the unicast serv-
ice cannot make a connection with the system. Further-
more, due to the limitation in the number of RRC con-
nections available in the system, there is a problem that,
in a case where, for example, all of the UEs receiving
MBMS in the single-cell transmission mode are turned
to the RRC connected state, a maximum number of the
UEs acceptable in the cell may equal to the number of
RRC connections available in the system. This may re-
duce MBMS utilization, i.e. the number of UEs receiving
MBMS is unnecessarily limited.
[0010] However, in light of current development in this
technical field, it seems that MBMS will be increasingly
demanded on the market, and the number of UEs receiv-
ing MBMS is expected to increase rapidly. Accordingly,
it seems that the aforementioned problem will become
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more serious.

Citation List

[0011]

Non-patent Literature 1
3GPP TS 36.300 (E-UTRA and E-UTRAN Overall
description, stage 2, v8.2.0)
Non-patent Literature 2
R2-075455 (Summary of discussion on MBMS re-
ception states for SC-PTM transmission) proposi-
tion, 3GPP TSG RAN2, the 60th meeting, November
2007.

Summary of Invention

[0012] The present invention is made in view of the
problem. In order to enable the UEs being in the RRC
idle state to receive MBMS within the current MBMS def-
inition of LET, the present invention provides a specific
implementation method and implementation equipment
for switching the RRC state in the MBMS transmission
mode on the basis of the Ericsson’s proposition in
R2-074709 to maintain all of the UEs in the cell to be in
the RRC connected state on the premise that there are
not many UEs receiving MBMS in the cell.
[0013] That is, the present invention is made in order
to solve the problem that occupation of the RRC connec-
tion resources by the UEs receiving MBMS in the MBMS
transmission mode causes significant signaling over-
head, which prevents a normal connection of the UE re-
ceiving the unicast service and therefore reduces (fre-
quency) resource utilization.
[0014] In the present invention, the UE receiving
MBMS is a user equipment which does not receive the
unicast service but MBMS. Further, in the present inven-
tion, the base station, the evolved Node B, base station
equipment, and eNB mean the same equipment.
[0015] In order to attain the object, the present inven-
tion provides a method and equipment either of which is
applicable to a mobile communication system. By pro-
viding these, the present invention allows an appropriate
switchover of the RRC state of the UE which receives
MBMS in the MBMS transmission mode in the cell. Par-
ticularly, in a case where a predetermined condition is
satisfied, the present invention can provide a mechanism
in which the base station switches, by a signaling method,
the RRC state of the UE which receives MBMS in the
cell. The signaling method is specifically determined by
a parameter provided in the base station of the cell.
[0016] In order to attain the object, a base station of
the present invention includes: a sending/receiving unit
for carrying out data communication with one or more
user equipments in a cell, the one or more user equip-
ments receiving Multimedia Broadcast Multicast Service;
a calculation unit for calculating the number of radio re-
source control connections currently available in a sys-

tem; an execution determination unit for determining
whether or not a switchover of a radio resource control
state of a user equipment(s) among the one or more user
equipments is necessary, on the basis of the number of
radio resource control connections currently available in
the system and a threshold value of the number of radio
resource control connections; a request unit for transmit-
ting, via the sending/receiving unit, a request to report
measurement of a first parameter to all of the one or more
user equipments in the cell, in a case where the execution
determination unit determines that the switchover of the
radio resource control state of the user equipment(s) is
necessary; an accurate value determination unit for (i)
determining an accurate reference measurement thresh-
old value with respect to the first parameter on the basis
of the threshold value of the number of radio resource
control connections and data of the measured first pa-
rameter, received from each of the one or more user
equipments via the sending/receiving unit, and (ii) trans-
mitting, via the sending/ receiving unit, the accurate ref-
erence measurement threshold value to all of the one or
more user equipments in the cell.
[0017] Note that the "accurate reference measure-
ment threshold value" has higher accuracy than that of
the "approximate reference measurement threshold val-
ue". Therefore, the "accurate reference measurement
threshold value" can be referred to as a "detailed refer-
ence measurement threshold value".
[0018] Further, the base station of the present inven-
tion preferably further includes an approximate value de-
termination unit for determining an approximate refer-
ence measurement threshold value with respect to a sec-
ond parameter on the basis of statistical data or a pa-
rameter of a static system, the request unit transmitting,
via the sending/receiving unit, the approximate reference
measurement threshold value to all of the one or more
user equipments in the cell.
[0019] Furthermore, in the base station of the present
invention, either the first parameter or the second param-
eter preferably includes at least one of a reference signal
received power, a channel quality indicator, and a path-
loss.
[0020] Moreover, in the base station of the present in-
vention, the second parameter to which the approximate
reference measurement threshold value is determined
by the approximate value determination unit and the first
parameter to which the accurate reference measurement
threshold value is determined by the accurate value de-
termination unit are preferably identical with each other.
[0021] Further, in the base station of the present in-
vention, the second parameter to which the approximate
reference measurement threshold value is determined
by the approximate value determination unit and the first
parameter to which the accurate reference measurement
threshold value is determined by the accurate value de-
termination unit are preferably different from each other,
the approximate reference measurement threshold value
and the accurate reference measurement threshold val-
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ue being determined independently.
[0022] Furthermore, in the base station of the present
invention, the calculation unit preferably calculates the
number Na = Nmax - Nc of radio resource control connec-
tions currently available in the system, on the basis of
the number Nc of radio resource control connections cur-
rently established in the system and a maximum number
Nmax of radio resource control connections available in
the system.
[0023] Furthermore, in the base station of the present
invention, a threshold value Nth of the number of radio
resource control connections is preferably set by the ex-
ecution determination unit previously or dynamically, and
in a case where the number Na of radio resource control
connections currently available in the system is less than
the threshold value Nth of the number of radio resource
control connections, the execution determination unit
preferably determines that the switchover of the radio
resource control state of the user equipment(s) is nec-
essary.
[0024] Moreover, the base station of the present in-
vention preferably further includes a releasing unit for, in
a case where the base station receives, via the sending/
receiving unit, a request for a radio resource control con-
nection from a user equipment among the one or more
user equipments, (i) transmitting releasing information of
the radio resource control connection to the user equip-
ment from which the request for the radio resource control
connection is received, and simultaneously (ii) temporar-
ily establishing a radio resource control connection with
the user equipment, and releasing the radio resource
control connection with the user equipment.
[0025] Further, in the base station of the present in-
vention, in a case where the execution determination unit
determines that the switchover of the radio resource con-
trol state of the user equipment(s) is not necessary, the
execution determination unit preferably causes the cal-
culation unit to be restarted after a predetermined period
of time elapses.
[0026] Moreover, the base station of the present in-
vention preferably further includes a session determina-
tion unit for determining whether or not a session of Mul-
timedia Broadcast Multicast Service is finished, the ses-
sion determination unit causing the calculation unit to be
restarted after a predetermined period of time elapses,
in a case where the session determination unit deter-
mines that the session of Multimedia Broadcast Multicast
Service has not been finished.
[0027] In order to attain the object, a user equipment
of the present invention includes: a sending/receiving unit
for carrying out data communication with a base station
in a cell to which the user equipment belongs; a reporting
unit for (i) measuring a first parameter of the user equip-
ment in response to a request to report measurement of
the first parameter, which request is received from the
base station via the sending/receiving unit, and (ii) re-
porting, to the base station via the sending/ receiving unit,
data of the first parameter thus measured; and a start-

up determination unit for determining whether to switch
over a radio resource control state of the user equipment,
on the basis of (a) an accurate reference measurement
threshold value determined with respect to the first pa-
rameter, received from the base station via the sending/
receiving unit, (b) a value of the first parameter of the
user equipment, measured by the reporting unit, and (c)
the radio resource control state of the user equipment.
[0028] Further, in the user equipment of the present
invention, the reporting unit preferably determines
whether to report, to the base station, the data of the first
parameter measured by the reporting unit, on the basis
of (a) an approximate reference measurement threshold
value determined with respect to a second parameter,
received from the base station via the sending/receiving
unit and (b) a value of the second parameter of the user
equipment, measured by the reporting unit.
[0029] Furthermore, in the user equipment of the
present invention, either the first parameter or the second
parameter preferably includes at least one of a reference
signal received power, a channel quality indicator, and a
path-loss.
[0030] Moreover, in the user equipment of the present
invention, the first parameter to which the accurate ref-
erence measurement threshold value is determined and
the second parameter to which the approximate refer-
ence measurement threshold value is determined are
preferably identical with each other.
[0031] Further, in the user equipment of the present
invention, the first parameter to which the accurate ref-
erence measurement threshold value is determined and
the second parameter to which the approximate refer-
ence measurement threshold value is determined are
preferably different from each other, the accurate refer-
ence measurement threshold value and the approximate
reference measurement threshold value being deter-
mined independently.
[0032] Furthermore, the user equipment of the present
invention preferably further includes a state checking unit
for checking which one of a radio resource control con-
nected state and a radio resource control idle state the
user equipment is being in, the reporting unit reporting,
to the base station, the data of the first parameter thus
measured in response to the request to report measure-
ment of the first parameter in a case where the state
checking unit confirms that the user equipment is being
in the radio resource control connected state, and the
reporting unit transmitting, to the base station via the
sending/receiving unit, a random connection request in
response to the request to report measurement of the
first parameter in a case where the state checking unit
confirms that the user equipment is being in the radio
resource control idle state, and the reporting unit report-
ing, to the base station via the sending/ receiving unit,
by use of a radio resource control connection establish-
ment request, the data of the first parameter thus meas-
ured, in a case where the reporting unit receives, via the
sending/ receiving unit, a random connection response.
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[0033] In order to attain the object, a method of the
present invention, for switching a radio resource control
(RRC) state, includes the steps of: (I) calculating the
number of radio resource control connections currently
available in a system; (II) determining, on the basis of
the number of radio resource control connections cur-
rently available in the system and a threshold value of
radio resource control connections, whether or not a
switchover of a radio resource control state of a user
equipment(s) among one or more user equipments in a
cell is necessary, which one or more user equipments
receive Multimedia Broadcast Multicast Service; (III)
transmitting a request to report measurement of a first
parameter to all of the one or more user equipments in
a cell, in a case where it is determined that the switchover
of the radio resource control state of the user equipment
(s) is necessary; (IV) each of the one or more user equip-
ments measuring the first parameter of that user equip-
ment in response to the request to report measurement
of the first parameter which is thus received and reporting
data of the first parameter thus measured; (V) determin-
ing an accurate reference measurement threshold value
with respect to the first parameter on the basis of the
threshold value of radio resource control connections and
the data of the first parameter thus reported, and trans-
mitting the accurate reference measurement threshold
value to all of the one or more user equipments in the
cell; and (VI) each of the one or more user equipments
determining whether to carry out a switchover of a radio
resource control state of that user equipment on the basis
of (a) the accurate reference measurement threshold val-
ue determined with respect to the first parameter, trans-
mitted in the step of (V), (b) a value of the first parameter
of that user equipment, measured in the step of (IV), and
(c) a radio resource control state of that user equipment.
[0034] Further, the method of the present invention,
for switching an RRC state, preferably further includes
the step of (VII) determining an approximate reference
measurement threshold value with respect to a second
parameter on the basis of statistical data or a parameter
of a static system, the step of (III) including transmitting
the approximate reference measurement threshold value
to all of the one or more user equipments, the step of (IV)
including each of the one or more user equipments de-
termining whether to report the data of the first parameter
measured in the step of (IV), on the basis of (a) the ap-
proximate reference measurement threshold value
transmitted to said all of the one or more user equip-
ments, and (b) a value of the second parameter of that
user equipment, measured in the step of (IV).
[0035] Furthermore, in the method of the present in-
vention, for switching an RRC state, either the first pa-
rameter or the second parameter preferably includes at
least one of a reference signal received power, a channel
quality indicator, and a path-loss.
[0036] Moreover, in the method of the present inven-
tion, for switching an RRC state, the first parameter to
which the accurate reference measurement threshold

value is determined in the step of (V) and the second
parameter to which the approximate reference measure-
ment threshold value is determined in the step of (VII)
are preferably identical with each other.
[0037] Further, in the method of the present invention,
for switching an RRC state, the first parameter to which
the accurate reference measurement threshold value is
determined in the step of (V) and the second parameter
to which the approximate reference measurement
threshold value is determined in the step of (VII) are pref-
erably different from each other, the accurate reference
measurement threshold value and the approximate ref-
erence measurement threshold value being determined
independently.
[0038] Furthermore, in the method of the present in-
vention, for switching over a RRC state, in the step of (I),
the number Na = Nmax - Nc of radio resource control con-
nections currently available in the system is preferably
calculated on the basis of the number Nc of radio resource
control connections currently established in the system
and the maximum number Nmax of radio resource control
connections available in the system.
[0039] Moreover, in the method of the present inven-
tion, for switching an RRC state, the threshold value Nth
of radio resource control connections is preferably set
previously or dynamically, and in a case where the
number Na of radio resource control connections current-
ly available in the system is less than the threshold value
Nth of radio resource connections, it is determined that
the switchover of the radio resource control state of the
user equipment(s) is necessary.
[0040] Further, in the method of the present invention,
for switching an RRC state, in the step of (IV), a user
equipment being in a radio resource control connected
state among the one or more user equipments preferably
directly reports the data of the first parameter thus meas-
ured, in response to the request to report measurement
of the first parameter.
[0041] Furthermore, in the method of the present in-
vention, for switching an RRC state, in the step of (IV),
a user equipment being in a radio resource control idle
state among the one or more user equipments preferably
transmits a random connection request in response to
the request to report measurement of the first parameter;
and in a case where that user equipment receives a ran-
dom connection response, that user equipment prefera-
bly reports the data of the first parameter thus measured,
by use of a radio resource control connection establish-
ment request.
[0042] Moreover, the method of the present invention,
for switching an RRC state, preferably further includes
the step of: (VIII) after receiving the radio resource control
connection establishment request from the user equip-
ment, (i) transmitting releasing information of a radio re-
source control connection to the user equipment and si-
multaneously (ii) temporarily establishing a resource of
a radio resource control connection with the user equip-
ment and releasing the resource of the radio resource
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control connection with the user equipment.
[0043] Further, in the method of the present invention,
for switching an RRC state, in a case where it is deter-
mined, in the step of (II), that the switchover of the radio
resource control connection of the user equipment(s) is
not necessary, the step of (I) is preferably restarted after
a predetermined period of time elapses.
[0044] Furthermore, the method of the present inven-
tion, for switching an RRC state, preferably further in-
cludes (IX) determining whether or not a session of Mul-
timedia Broadcast Multicast Service has been finished,
the step of (I) being restarted after a predetermined pe-
riod of time elapses, in a case where it is determined, in
the step of (IX), that the session of Multimedia Broadcast
Multicast Service has not been finished.
[0045] In order to attain the object, a method of the
present invention, for switching an radio resource control
(RRC) state, includes the steps of: a base station deter-
mining, on the basis of a determination condition related
to the number of radio resource control connections,
whether or not a switchover of a radio resource control
state of a user equipment(s) is necessary; a user equip-
ment reporting, to the base station, measured data of a
first parameter of the user equipment in accordance with
control signaling of the base station; the base station de-
termining an accurate reference measurement threshold
value with respect to the first parameter on the basis of
the determination condition related to the number of radio
resource control connections and the measured data of
the first parameter, reported from the user equipment;
and the user equipment (i) determining whether to carry
out a switchover of a radio resource control state of that
user equipment, on the basis of (a) the accurate refer-
ence measurement threshold value determined with re-
spect to the first parameter, determined by the base sta-
tion, (b) the measured data of the first parameter of that
user equipment, and (c) a radio resource control state of
that user equipment, and (ii) carrying out the switchover
of the radio resource control state, in a case where that
user equipment determines to carry out the switchover
of the radio control state.
[0046] Further, the method of the present invention,
for switching an RRC state, preferably further includes
the steps of: the base station notifying, by control sign-
aling, an approximate reference measurement threshold
value determined with respect to a second parameter to
the user equipment; and the user equipment determining
whether to report the measured data of the first parameter
on the basis of the approximate reference measurement
threshold value determined with respect to the second
parameter and the measured data of the second param-
eter of that user equipment.
[0047] Furthermore, in the method of the present in-
vention, for switching an RRC state, either the first pa-
rameter or the second parameter preferably includes at
least one of a reference signal received power, a channel
quality indicator, and a path-loss.
[0048] Moreover, in the method of the present inven-

tion, for switching an RRC state, the first parameter to
which the accurate reference measurement threshold
value is determined and the second parameter to which
the approximate reference measurement threshold value
is determined are preferably with each other.
[0049] Further, in the method of the present invention,
for switching an RRC state, the first parameter to which
the accurate reference measurement threshold value is
determined and the second parameter to which the ap-
proximate reference measurement threshold value is de-
termined are preferably different from each other, the ac-
curate reference measurement threshold value and the
approximate reference measurement threshold value
being determined independently.

Brief Description of Drawings

[0050]

Fig. 1
Fig. 1 is a block diagram illustrating an MBMS system
defined by LTE.
Fig. 2
Fig. 2 is a block diagram illustrating an arrangement
of an eNB 104 in accordance with one embodiment
of the present invention.
Fig. 3
Fig. 3 is a block diagram illustrating an arrangement
of a UE 105 in accordance with the embodiment of
the present invention.
Fig. 4
Fig. 4 is a flow chart showing a method for switching
an RRC state, in accordance with First Example of
the present invention.
Fig. 5
Fig. 5 is a view showing a process for reporting meas-
urement data of an MBMS·UE which is being in an
RRC connected state.
Fig. 6
Fig. 6 is a view showing a process for reporting meas-
urement data of an MBMS·UE which is being in an
RRC idle state.
Fig. 7
Fig. 7 is a flow chart showing a method for switching
the RRC state, in accordance with Second Example
of the present invention.

Reference Signs List

[0051]

104: eNB
1040: Sending/ receiving unit
1041: Session determination unit
1042: Calculation unit
1044: Execution determination unit
1045: Approximate value determination unit
1046: Request unit
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1048: Accurate value determination unit
1049: Releasing unit

Description of Embodiments

[0052] An embodiment of the present invention is de-
scribed in detail below with reference to drawings. For
convenience, arrangements and functions unnecessary
for explanation of the present invention are omitted here
so that the present invention is easily understood.
[0053] The following description deals with specific ex-
amples, in each of which the present invention is applied
to MBMS transmission of an LET cellular system, so that
the present invention is understood in detail and clearly.
As a matter of course, the present invention is not limited
to this, and is therefore applicable to another communi-
cation system for providing MBMS.
[0054] Fig. 1 illustrates how an MBMS system defined
by LTE is arranged. The MBMS system includes: an
eBM-SC 101; an eBM-GW 102; an eNB 104; and a UE
105. The eBM-SC 101 is a service control center of the
MBMS system. The eBM-GW 102 causes MBMS data
to be sent by the IP multicast method to a corresponding
one of the eNBs 104 in sync. The eNB 104 carries out
scheduling of resources for single-cell MBMS transmis-
sion, and transmits the MBMS data. The UE 105 is a
terminal device for receiving the MBMS data. Fig. 1 mere-
ly illustrates an example of the arrangement of the MBMS
system. Note that such a specific restrictive arrangement
is not necessarily required for implementation of a mobile
communication system of the present invention.
[0055] As illustrated in Fig. 1, the MBMS system in-
cludes at least an eBM-SC 101, an eBM-GW 102, and
an eNB 104. In a cell of the eNB 104, a plurality of UEs
105 which utilizes the MBMS (hereinafter, referred to as
"MBMS·UE") are distributed. Each of the plurality of UEs
105 provides, via appropriate signaling, related informa-
tion to the eNB 104.
[0056] The eNB 104 of the present invention has an
arrangement illustrated in a block diagram of Fig. 2. Spe-
cifically, the eNB 104 includes: a sending/receiving unit
1040; a calculation unit 1042; an execution determination
unit 1044; a request unit 1046; and an accurate value
determination unit 1048. The sending/receiving unit 1040
carries out data communication with the MBMS·UEs in
the cell of the eNB 104. The calculation unit 1042 calcu-
lates the number (Na = Nmax - Nc) of RRC connections
currently available in the system, on the basis of (i) the
number (Nc) of RRC connections currently established
in the system and (ii) the maximum number (Nmax) of
RRC connections available in the system. The execution
determination unit 1044 determines that a switchover of
an RRC state of the MBMS·UE(s) is necessary in a case
where the number (Na = Nmax - Nc) of RRC connections
currently available in the system is smaller than a thresh-
old (Nth) of the number of RRC connections, which
threshold value is determined either previously or dynam-
ically. In contrast, in a case where the execution deter-

mination unit 1044 determines that no switchover of an
RRC state of the MBMS·UE(s) is necessary, the execu-
tion determination unit 1044 causes the calculation unit
1042 to be restarted after a predetermined period of time
elapses. The request unit 1046 transmits, via the send-
ing/receiving unit 1040, a request to report measurement
to all of the MBMS·UEs in the cell, in a case where the
execution determination unit 1044 determines that the
switchover of the RRC state of the MBMS·UE(s) is nec-
essary. The accurate value determination unit 1048 de-
termines, on the basis of (i) the threshold value (Nth) of
the number of RRC connections and (ii) data (including
Pr) of a measured parameter, received from each of the
MBMS·UEs via the sending/ receiving unit 1040, an ac-
curate reference measurement threshold value (Prs) with
respect to the parameter (hereinafter, referred to as "ac-
curate reference measurement threshold value"), and
transmits, via the sending/ receiving unit 1040, the accu-
rate reference measurement threshold value (Prs) to all
of the MBMS·UEs in the cell.
[0057] In the present invention, the parameter to which
the accurate value determination unit 1048 determines
the accurate reference measurement threshold value in-
cludes at least one of a reference signal received power
(RSRP), a channel quality indicator (CQI), and a path-
loss. In the following specific examples, the parameter
is the reference signal received power (RSRP), as an
example. As a matter of course, the present invention is
not limited to the specific examples, and can be modified
in various ways by a person skilled in the art. The param-
eter may be (i) the channel quality indicator (CQI), (ii) the
path-loss, or (iii) any combination of the reference signal
received power (RSRP), the channel quality indicator
(CQI), and the path-loss, for example.
[0058] Further, as shown by a dotted line in Fig. 2, the
eNB 104 further includes an approximate value determi-
nation unit 1045 for determining an approximate refer-
ence measurement threshold value (Pth) with respect to
a parameter (hereinafter, referred to as "approximate ref-
erence measurement threshold value") by use of statis-
tical data or a parameter of a static system. In this case,
the request unit 1046 transmits, via the sending/receiving
unit 1040, the approximate reference measurement
threshold value (Pth) of the parameter to all of the
MBMS·UEs in the cell. The parameter to which the ap-
proximate reference measurement threshold value (Pth)
is determined by the approximate value determination
unit 1045 and the parameter to which the accurate ref-
erence measurement threshold value (prs) is determined
by the accurate value determination unit 1048 may be
either identical with each other or different from each oth-
er.
[0059] Further, as shown by a dotted line in Fig. 2, the
eNB 104 further includes a releasing unit 1049. In a case
where the eNB 104 receives, via the sending/receiving
unit 1040, an RRC connection establishment request
from the MBMS·UE (which is being in the RRC idle state),
the releasing unit 1049 (i) transmits, via the sending/re-
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ceiving unit 1040, releasing information of an RRC con-
nection to the MBMS·UE which transmitted the RRC con-
nection establishment request, and simultaneously (ii)
temporarily establish an RRC connection resource with
the MBMS·UE and releases the RRC connection re-
source.
[0060] Moreover, as shown by a dotted line in Fig. 2,
the eNB 104 furthermore includes a session determina-
tion unit 1041. The session determination unit 1041 de-
termines whether or not an MBMS session is finished. In
a case where the session determination unit 1041 deter-
mines that the MBMS session has not been finished, the
session determination unit 1041 causes the calculation
unit 1042 to be restarted after a predetermined period of
time elapses. In contrast, in a case where the session
determination unit 1041 determines that the session has
been finished, the session determination unit 1041 fin-
ishes an entire process for the switchover of the RRC
state, which entire process is carried out by the eNB 104.
[0061] The UE 105 of the present invention has an
arrangement illustrated in a block diagram of Fig. 3. Spe-
cifically, the UE 105 includes: a sending/receiving unit
1050; a reporting unit 1052; and a start-up determination
unit 1054. The sending/receiving unit 1050 carries out
data communication with the eNB in the cell to which the
UE 105 belongs. The reporting unit 1052 (i) measures a
parameter of the UE 105 in response to a request to
report measurement, which request is received, via the
sending/receiving unit 1050, from the eNB in the cell to
which the UE 105 belongs, and (ii) reports, via the send-
ing/receiving unit 1050, data (including Pr) of the meas-
ured parameter to the eNB 104. The start-up determina-
tion unit 1054 determines whether to start the switchover
of the RRC state of the UE 105, on the basis of (i) the
accurate reference measurement threshold value (Prs)
of the parameter, received via the sending/receiving unit
1050 from the eNB 104 in the cell to which the UE 105
belongs, (ii) an actually-measured value of the parameter
(Pr; received from the reporting unit 1052) of the UE 105
itself, and (iii) the RRC state of the UE 105 itself (the UE
105 is notified of its RRC state by the eNB 104 or by
another method, and the RRC state is checked by a state
checking unit 1055).
[0062] In the present invention, the parameter to which
the accurate reference measurement threshold value is
determined includes at least one of the reference signal
received power (RSRP), the channel quality indicator
(CQI), and the path-loss. In the following specific exam-
ples, the parameter is the reference signal received pow-
er (RSRP), as an example. As a matter of course, the
present invention is not limited to the specific examples,
and can be modified in various ways by a person skilled
in the art. For example, the parameter can be (i) the chan-
nel quality indicator (CQI), (ii) the path-loss, or (iii) any
combination of the reference signal received power
(RSRP), the channel quality indicator (CQI), and the
path-loss.
[0063] The reporting unit 1052 can determine whether

to report the data (including Pr) of the measured param-
eter, on the basis of (i) the actually-measured value (Pr)
of the parameter of the UE 105 itself, and (ii) the approx-
imate reference measurement threshold value (Pth) of
the parameter, received via the sending/receiving unit
1050 from the eNB in the cell to which the UE 105 be-
longs. In the same manner, the reporting unit 1052 can
determine whether to report the data (including Pr) of the
measured parameter, on the basis of (i) the actually-
measured value (Pr) of the parameter of the UE 105 itself,
and (ii) the accurate reference measurement threshold
value (Prs). The parameter to which the approximate ref-
erence measurement threshold value (Pth) is determined
and the parameter to which the accurate reference meas-
urement threshold value (Prs) is determined can be either
identical with each other or different from each other.
[0064] Moreover, as shown by a dotted line in Fig. 3,
the UE 105 further includes the state checking unit 1055
for checking which one of the RRC connected state and
the RRC idle state the UE 105 is being in. In a case where
the state checking unit 1055 confirms that the UE 105 is
being in the RRC connected state, the reporting unit 1052
directly reports the data (including Pr) of the measured
parameter to the eNB 104 in response to the measure-
ment report request. In contrast, in a case where the state
checking unit 1055 confirms that the UE 105 is being in
the RRC idle state, the reporting unit 1052 transmits, via
the sending/receiving unit 1050, a random connection
request to the eNB 104. Then, in a case where the re-
porting unit 1052 receives a random connection re-
sponse via the sending/ receiving unit 1050 from the eNB
104, the reporting unit 1052 can report, via the sending/
receiving unit 1050, the data (including Pr) of the meas-
ured parameter to the eNB 104 by use of the RRC con-
nection establishment request.
[0065] In the above descriptions, each of the arrange-
ments of the eNB and the UE node of the present inven-
tion are explained as being constituted by specific unit
modules with reference to Figs. 2 and 3. Note, however,
that the present invention is not limited to the specific unit
modules, but can be realized as software, hardware, or
their combination, by combining, dividing, or recombining
a part or all of the unit modules.
[0066] The following description specifically deals with
a method of the present invention, for switching an RRC
state, with reference to Figs. 2 through 7.
[0067] Fig. 4 is a flowchart for explaining the method
for switching an RRC state, in accordance with First Ex-
ample of the present invention. A process flow of Fig. 4
is described in detail below.
[0068] In a case where the MBMS session is started
(Step 401), the eNB 104 executes the following steps
periodically.
[0069] The calculation unit 1042 of the eNB 104 cal-
culates the number "Na = Nmax - Nc" of RRC connections
currently available in the system on the basis of the
number Nc of RRC connections currently established in
the system and the maximum number Nmax of RRC con-
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nections available in the system (Step 403).
[0070] The execution determination unit 1044 of the
eNB 104 determines whether or not the switchover of the
RRC state of the MBMS·UE(s) is necessary, in accord-
ance with the number Na of RRC connections currently
available in the system, calculated in Step 403 (Step
404). Specifically, the execution determination unit 1044
compares the number Na of RRC connections currently
available in the system with the threshold value Nth of
the number of RRC connections, which threshold value
Nth is set either previously or dynamically. For example,
in a case where the number Na of RRC connections cur-
rently available in the system is less than the threshold
value Nth of the number of RRC connections, i.e. Na <
Nth, the execution determination unit 1044 determines
that the switchover of the RRC state of the MBMS·UE(s)
is necessary. In contrast, in a case where the number Na
of RRC connections currently available in the system is
not less than the threshold value Nth of the number of
RRC connections, the execution determination unit 1044
determines that the switchover of the RRC state of the
MBMS·UE(s) is not necessary. In the case where the
execution determination unit 1044 determines that the
switchover of the RRC state of the MBMS·UE(s) is not
necessary, no operation is carried out until the next cycle
and then Step 403 is carried out again. In the case where
the switchover of the RCC state of the MBMS·UE(s) is
necessary, the process proceeds to the following Step
405.
[0071] The approximate value determination unit 1045
of the eNB 104 sets the approximate reference meas-
urement threshold value Pth with respect to a parameter,
on the basis of statistical data of the system or data set
in advance (Step 405). The setting of the approximate
reference measurement threshold value Pth of the pa-
rameter makes it possible to limit the number of the
MBMS·UEs which report their measurement data, so as
to reduce signaling overhead of the system. In the
present example, a reference value Pth of the reference
signal received power (RSRP) is selected and set as the
approximate reference measurement threshold value
Pth. The approximate reference measurement threshold
value Pth can be set (i) statically by a parameter of the
system, (ii) statistically based on the measurement data
reported in the previous cycle, or (iii) by adopting both of
(i) and (ii). In an actual application system, the approxi-
mate reference measurement threshold value Pth can be
a threshold value of the channel quality indicator (CQI)
or a threshold value of the path-loss.
[0072] The request unit 1046 of the eNB 104 transmits,
on an MCCH channel, the measurement report request
and the approximate reference measurement threshold
value Pth of the parameter, determined in Step 405, to
all of the MBMS·UEs 105 in the cell of the eNB 104. The
transmission of the measurement report request and the
approximate reference measurement threshold value Pth
functions as a trigger for starting up a measurement data
report process of the MBMS·UEs (Step 406).

[0073] Fig. 5 is a view showing the measurement data
report process of the MBMS·UE which is being in the
RRC connected state. First, in Step 501, the MBMS·UE
105 which is being in the RRC connected state receives,
from the eNB 104, the measurement report request and
the approximate reference measurement threshold value
Pth of the parameter (the MBMS·UE 105 is notified of its
RRC state by the eNB 104 or by another method, and
the RRC state is checked by a state checking unit 1055).
On the reception of these, the MBMS·UE 105 compares
the approximate reference measurement threshold value
Pth with the reference value Pr of the reference signal
received power (RSRP) measured and selected by the
reporting unit 1052. In a case where a result of the com-
parison is Pr < Pth, the process proceeds to Step 502.
Next, in Step 502, the reporting unit 1052 of the
MBMS·UE 105 reports, on a PUCCH channel which has
been assigned in advance, response information of the
measurement report, which response information in-
cludes an ID of the UE, an ID of the MBMS, and the
reference signal received power (RSRP) Pr. As a matter
of course, the response information of the measurement
report is not limited to the one described above, and can
be the channel quality indicator (CQI), the path-loss, or
such response information that the above response in-
formation includes at least one of the channel quality in-
dicator (CQI) and the path-loss.
[0074] Fig. 6 is a view showing the measurement data
report process of the MBMS·UE which is being in the
RRC idle state. In Step 601, the MBMS·UE 105 which is
being in the RRC idle state receives, from the eNB 104,
the measurement report request and the approximate
reference measurement threshold value Pth (the
MBMS·UE 105 is notified of its RRC state by the eNB
104 or by another method, and the RRC state is checked
by a state checking unit 1055). Then, the MBMS·UE 105
compares the approximate reference measurement
threshold value Pth with the reference value Pr of the
reference signal received power (RSRP) measured and
selected by the reporting unit 1052. In a case where a
result of the comparison is Pr < Pth, the process proceeds
to Step 602. In Step 602, the reporting unit 1052 of the
MBMS·UE 105 transmits, on an RACH channel, a ran-
dom connection request to the eNB 104. Next, in Step
603, the eNB 104 transmits the random connection re-
sponse to the MBMS·UE 105 to which the eNB 104 es-
tablished a random connection. In Step 604, the reporting
unit 1052 of the MBMS·UE 105 transmits, to the eNB
104, information of an RRC connection establishment
request, which information includes the ID of the UE, the
ID of the MBMS, and the reference value Pr of the refer-
ence signal received power (RSRP). As a matter of
course, the information of the RRC connection establish-
ment request is not limited to the one described above,
and can be the channel quality indicator (CQI), the path-
loss, or such information that the information described
above includes at least one of the channel quality indi-
cator (CQI) and the path-loss. In Step 605, the releasing
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unit 1049 of the eNB 104 transmits information of a re-
leased connection to the MBMS·UE 105 on the reception
of the information of the RRC connection establishment
request, and simultaneously temporarily establishes an
RRC connection resource with the MBMS·UE 105 and
releases the RRC connection resource.
[0075] Then, the accurate value determination unit
1048 of the eNB 104 calculates the accurate reference
measurement threshold value Prs, on the basis of (i) the
measurement data (the ID of the UE, the ID of the MBMS,
and the reference value Pr of the reference signal re-
ceived power) reported by the MBMS·UE in Step 406
and (ii) the number Na of RRC connections currently
available in the system, calculated in Step 403 (Step
407). The parameter to which the accurate reference
measurement threshold value Prs is determined in Step
407 can be identical with the parameter to which the ap-
proximate reference measurement threshold value Pth is
determined in Step 405 (the reference signal received
power in the present example) or different from the pa-
rameter to which the approximate reference measure-
ment threshold value Pth is determined (the channel qual-
ity indicator or the path-loss, for example). For example,
among the UEs reporting the measurement data, the
number of the MBMS·UEs which are being in the RRC
connected state is assumed to be Ns. First, RSRP values
of all of the MBMS·UEs that have reported their meas-
urement data are ordered from the lowest RSRP value
to the highest RSRP value. Next, among the ordered
RSRP values, the "Ns + Nmax - Nc - Nth"th RSRP value
Prs is selected as the accurate reference measurement
threshold value Prs. After that, the accurate value deter-
mination unit 1048 of the eNB 104 transmits, on the
MCCH channel, the accurate reference measurement
threshold value Prs to all of the MBMS·UEs in the cell of
the eNB 104. With the operation described above, the
accurate reference measurement threshold value Prs en-
ables to make sure that the number of UEs (including the
MBMS·UEs and non-MBMS·UEs) in the system, which
UEs are turned to the RRC connected state, falls within
a predetermined range of "Nmax (the maximum number
of RRC connections in the system) - Nth".
[0076] The start-up determination unit 1054 of the
MBMS·UE 105 carries out the switchover of the RRC
state in accordance with the accurate reference meas-
urement threshold value Prs thus received (Step 408).
The start-up determination unit 1054 determines whether
or not the switchover of the RRC state of the MBMS·UE
105 is necessary, on the basis of (i) a relationship be-
tween the accurate reference measurement threshold
value Prs and the actually measured value Pr of the
MBMS·UE 105 and (ii) the current RRC state of the
MBMS·UE 105.
[0077] For example, in a case where the Pr is equal to
or less than the Prs (Pr ≤ Prs), and the MBMS·UE 105 is
being in the RRC idle state, the start-up determination
unit 1054 starts up an RRC connection establishment
process.

[0078] Further, in a case where the Pr is equal to or
less than the Prs (Pr ≤ Prs), and the MBMS·UE 105 is
being in the RRC connected state, the start-up determi-
nation unit 1054 carries out no operation.
[0079] Furthermore, in a case where the Pr is more
than the Prs (Pr > Prs), and the MBMS·UE 105 is being
in the RRC connected state, the start-up determination
unit 1054 starts up an RRC connection releasing proc-
ess.
[0080] Moreover, in a case where the Pr is more than
the Prs (Pr > Prs), and the MBMS·UE 105 is being in the
RRC idle state, the start-up determination unit 1054 car-
ries out no operation.
[0081] Next, the session determination unit 1041 of the
eNB 104 determines whether or not the session has been
finished. In a case where the MBMS session has not
been finished, no operation is carried out until the next
cycle, and then Step 403 is executed again (Step 409).
[0082] In a case where the MBMS session has been
finished, the aforementioned flow is finished (Step 410).
[0083] Fig. 7 is a flow chart showing a method for
switching an RRC state in accordance with Second Ex-
ample of the present invention. The following description
specifically deals with a flow of Fig. 7 in detail.
[0084] In a case where the MBMS session is started
(Step 701), the eNB 104 carries out the following steps
periodically.
[0085] The calculation unit 1042 of the eNB 104 cal-
culates the number "Na = Nmax - Nc" of RRC connections
currently available in the system on the basis of the
number Nc of RRC connections currently established in
the system and the maximum number Nmax of RRC con-
nections available in the system (Step 703).
[0086] The execution determination unit 1044 of the
eNB 104 determines whether or not the switchover of the
RRC state of the MBMS·UE(s) is necessary, in accord-
ance with the number Na of RRC connections currently
available in the system, calculated in Step 703 (Step
704). Specifically, the execution determination unit 1044
compares the number Na of RRC connections currently
available in the system with the threshold value Nth of
the number RRC connections. For example, in a case
where the number Na of RRC connections currently avail-
able in the system is less than the threshold value Nth of
the number of RRC connections, i.e. Na < Nth, the exe-
cution determination unit 1044 determines that the
switchover of the RRC state of the MBMS·UE(s) is nec-
essary. In contrast, in a case where the number Na of
RRC connections currently available in the system is not
less than the threshold value Nth of the number of RRC
connections, the execution determination unit 1044 de-
termines that the switchover of the RRC state of the
MBMS·UE(s) is not necessary. In the case where the
execution determination unit 1044 determines that the
switchover of the RRC state of the MBMS·UE(s) is not
necessary, no operation is carried out until the next cycle,
and then Step 703 is carried out again. In the case where
the execution determination unit 1044 determines that
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the switchover of the RRC state of the MBMS·UEs is
necessary, the process proceeds to the following Step
706.
[0087] The request unit 1046 of the eNB 104 transmits,
on the MCCH channel, the measurement report request
to all of the MBMS·UEs 105 in the cell of the eNB 104,
so as to induce the MBMS·UEs 105 to carry out the meas-
urement data report process (Step 706).
[0088] The measurement data report process of the
MBMS·UE which is being in the RRC connected state is
carried out in the same manner as shown in Fig. 5. First,
in Step 501, the MBMS·UE 105 which is being in the RRC
connected state receives the measurement report re-
quest from the eNB 104 (the MBMS·UE 105 is notified
of its RRC state by the eNB 104 or by another method,
and the RRC state is checked by a state checking unit
1055). Next, in Step 502, the reporting unit 1052 of the
MBMS·UE 105 reports, on the PUCCH channel which
has been assigned in advance, response information of
the measurement report, which response information in-
cludes the ID of the UE, the ID of the MBMS, and the
reference value Pr of the reference signal received power
(RSRP). As a matter of course, the response information
of the measurement report is not limited to the one de-
scribed above, and can be the channel quality indicator
(CQI), the path-loss, or such information that the re-
sponse information described above includes at least
one of the channel quality indicator (CQI) and the path-
loss.
[0089] The measurement data report process of the
MBMS·UE which is being in the RRC idle state is carried
out in the same manner as shown in Fig. 6. In Step 601,
the MBMS·UE 105 which is being in the RRC idle state
receives the measurement report request from the eNB
104 (the MBMS·UE 105 is notified of its RRC state by
the eNB 104 or by another method, and the RRC state
is checked by a state checking unit 1055). In Step 602,
the reporting unit 1052 of the MBMS·UE 105 transmits,
on the RACH channel, a random connection request to
the eNB 104. Next, in Step 603, the eNB 104 transmits
a random connection response to the MBMS·UE 105 to
which the eNB 104 established a random connection. In
Step 604, the reporting unit 1052 of the MBMS·UE 105
transmits, to the eNB 104, information of an RRC con-
nection establishment request, which information in-
cludes the ID of the UE, the ID of the MBMS, and the
reference value Pr of the reference signal received power
(RSRP). As a matter of course, the information of the
RRC connection establishment request is not limited to
the one described above, and can be the channel quality
indicator (CQI), the path-loss, or such information that
the information described above includes at least one of
the channel quality indicator (CQI) and the path-loss.
Then, in Step 605, on the reception of the information of
the RRC connection establishment request, the releas-
ing unit 1049 of the eNB 104 transmits, to the MBMS·UE
105, information of a released connection, and simulta-
neously, temporarily establishes an RRC connection re-

source with the MBMS·UE 105 and releases the RRC
connection resource.
[0090] Next, the accurate value determination unit
1048 of the eNB 104 calculates the accurate reference
measurement threshold value Prs on the basis of (i) the
measurement data (the ID of the UE, the ID of the MBMS,
and the reference value Pr of the reference signal re-
ceived power) reported from each of the MBMS·UEs in
Step 706 and (ii) the number Na of RRC connections
currently available in the system, calculated in Step 703
(Step 707). For example, among the UEs reporting the
measurement data, the number of the MBMS·UEs which
are being in the RRC connected state is assumed to be
Ns. First, RSRP values of all of the MBMS·UEs that have
reported their measurement data are ordered from the
lowest RSRP value to the highest RSRP value. Next,
among the ordered RSRP values, the "Ns + Nmax - Nc -
Nth"th RSRP reference value Prs is selected as the ac-
curate reference measurement threshold value Prs. In
the present example, the accurate reference measure-
ment threshold value Prs is set with respect to the refer-
ence signal received power (RSRP). Note, however, that
the accurate reference measurement threshold value Prs
can be set with respect to the channel quality indicator
(CQI) or the path-loss. Next, the accurate value determi-
nation unit 1048 of the eNB 104 transmits, on the MCCH
channel, the accurate reference measurement threshold
value Prs to all of the MBMS·UEs in the cell of the eNB
104. With the operation described above, the accurate
reference measurement threshold value Prs enables to
make sure that the number of the UEs (including the
MBMS·UEs and non-MBMS·UEs) in the system, which
UEs are being in the RRC connected state, falls within a
predetermined range of "Nmax (maximum number of RRC
connections available in the system) - Nth".
[0091] The start-up determination unit 1054 of the
MBMS·UE 105 carries out the switchover of the RRC
state of the MBMS·UE 105 in accordance with the accu-
rate reference measurement threshold value Prs thus re-
ceived (Step 708). The start-up determination unit 1054
determines whether or not the switchover of the RRC
state of the MBMS·UE 105 is necessary, on the basis of
(i) a relationship between the accurate reference meas-
urement threshold value Prs and the actually-measured
value Pr of the MBMS·UE and (ii) the current RRC state
of the MBMS·UE 105.
[0092] For example, in a case where the Pr is equal to
or less than the Prs (Pr ≤ Prs), and the MBMS·UE 105 is
being in the RRC idle state, the start-up determination
unit 1054 starts up the RRC connection establishment
process.
[0093] Further, in a case where the Pr is equal to or
less than the Prs (Pr ≤ Prs), and the MBMS·UE 105 is
being in the RRC connected state, the start-up determi-
nation unit 1054 carries out no operation.
[0094] Furthermore, in a case where the Pr is more
than the Prs (Pr > Prs), and the MBMS·UE 105 is being
in the RRC connected state, the start-up determination
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unit 1054 carries out the RRC connection releasing proc-
ess.
[0095] Moreover, in a case where the Pr is more than
the Prs (Pr > Prs), and the MBMS·UE 105 is being in the
RRC idle state, the start-up determination unit 1054 car-
ries out no operation.
[0096] Next, the session determination unit 1041 of the
eNB 104 determines whether or not the session has been
finished. In a case where the session determination unit
1041 determines that the MBMS session has not been
finished, no operation is carried out until the next cycle,
and then Step 703 is carried out again (Step 709).
[0097] In a case where the MBMS session has been
finished, the aforementioned flow is finished (Step 710).
[0098] First Example of the present invention includes
Step 405 while Second Example of the present invention
does not include Step 405. That is, in First Example, the
approximate reference measurement threshold value Pth
of the parameter is determined before the accurate ref-
erence measurement threshold value is determined, in
accordance with the statistical data of the system or the
parameter of the static system. The determination of the
approximate reference measurement threshold value Pth
makes it possible to limit the number of the MBMS·UEs
that report their measurement data, so as to reduce the
signaling overhead of the system. Note, however, that
Step 405 is not necessarily carried out, and the present
invention can be realized in accordance with Second Ex-
ample of the present invention. That is, it is possible to
cause all the MBMS·UEs to carry out the measurement
data report process, without taking the signaling over-
head into consideration.
[0099] As described above, according to the present
invention, among user equipments in an accessible area
of a system, part of user equipments having bad channel
quality can be turned to an RRC connected state, so as
to conveniently feed back link information, and a base
station can enhance quality of service (QoS) of the part
of user equipments by use of mechanisms such as adop-
tive modulation and coding, or hybrid automatic repeat
request (HARQ). Such a signaling mechanism can be
used easily and effectively, and can secure a high quality
service for a user equipment receiving MBMS, without
influencing a unicast service.
[0100] The embodiments and concrete examples of
implementation discussed in the foregoing detailed ex-
planation serve solely to illustrate the technical details of
the present invention, which should not be narrowly in-
terpreted within the limits of such embodiments and con-
crete examples, but rather may be applied in many var-
iations within the spirit of the present invention, provided
such variations do not exceed the scope of the patent
claims set forth below.

Industrial Applicability

[0101] The present invention is applicable to any radio
communication system in which a base station and a

plurality of mobile terminals (user equipment) are com-
municable with each other via radio communication.

Claims

1. A base station comprising:

a sending/ receiving unit for carrying out data
communication with one or more user equip-
ments in a cell, the one or more user equipments
receiving Multimedia Broadcast Multicast Serv-
ice;
a calculation unit for calculating the number of
radio resource control connections currently
available in a system;
an execution determination unit for determining
whether or not a switchover of a radio resource
control state of a user equipment(s) among the
one or more user equipments is necessary, on
the basis of the number of radio resource control
connections currently available in the system
and a threshold value of the number of radio
resource control connections;
a request unit for transmitting, via the sending/
receiving unit, a request to report measurement
of a first parameter to all of the one or more user
equipments in the cell, in a case where the ex-
ecution determination unit determines that the
switchover of the radio resource control state of
the user equipment(s) is necessary;
an accurate value determination unit for (i) de-
termining an accurate reference measurement
threshold value with respect to the first param-
eter on the basis of the threshold value of the
number of radio resource control connections
and data of the measured first parameter, re-
ceived from each of the one or more user equip-
ments via the sending/ receiving unit, and (ii)
transmitting, via the sending/receiving unit, the
accurate reference measurement threshold val-
ue to all of the one or more user equipments in
the cell.

2. The base station as set forth in claim 1, further com-
prising:

an approximate value determination unit for de-
termining an approximate reference measure-
ment threshold value with respect to a second
parameter on the basis of statistical data or a
parameter of a static system,
the request unit transmitting, via the sending/
receiving unit, the approximate reference meas-
urement threshold value to all of the one or more
user equipments in the cell.

3. The base station as set forth in claim 1 or 2, wherein:
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either the first parameter or the second param-
eter includes at least one of a reference signal
received power, a channel quality indicator, and
a path-loss.

4. The base station as set forth in claim 2, wherein:
the second parameter to which the approximate ref-
erence measurement threshold value is determined
by the approximate value determination unit and the
first parameter to which the accurate reference
measurement threshold value is determined by the
accurate value determination unit are identical with
each other.

5. The base station as set forth in claim 2, wherein:

the second parameter to which the approximate
reference measurement threshold value is de-
termined by the approximate value determina-
tion unit and the first parameter to which the ac-
curate reference measurement threshold value
is determined by the accurate value determina-
tion unit are different from each other, the ap-
proximate reference measurement threshold
value and the accurate reference measurement
threshold value being determined independent-
ly.

6. The base station as set forth in any one of claims 1
through 5, wherein:

the calculation unit calculates the number Na =
Nmax - Nc of radio resource control connections
currently available in the system, on the basis
of the number Nc of radio resource control con-
nections currently established in the system and
a maximum number Nmax of radio resource con-
trol connections available in the system.

7. The base station as set forth in claim 1, wherein:

a threshold value Nth of the number of radio re-
source control connections is set by the execu-
tion determination unit previously or dynamical-
ly; and
in a case where the number Na of radio resource
control connections currently available in the
system is less than the threshold value Nth of
the number of radio resource control connec-
tions, the execution determination unit deter-
mines that the switchover of the radio resource
control state of the user equipment(s) is neces-
sary.

8.  The base station as set forth in claim 1 or 2, further
comprising:

a releasing unit for, in a case where the base

station receives, via the sending/receiving unit,
a request for a radio resource control connection
from a user equipment among the one or more
user equipments, (i) transmitting releasing infor-
mation of the radio resource control connection
to the user equipment from which the request
for the radio resource control connection is re-
ceived, and simultaneously (ii) temporarily es-
tablishing a radio resource control connection
with the user equipment, and releasing the radio
resource control connection with the user equip-
ment.

9. The base station as set forth in claim 1 or 2, wherein:

in a case where the execution determination unit
determines that the switchover of the radio re-
source control state of the user equipment(s) is
not necessary, the execution determination unit
causes the calculation unit to be restarted after
a predetermined period of time elapses.

10. The base station as set forth in claim 1 or 2, further
comprising:

a session determination unit for determining
whether or not a session of Multimedia Broad-
cast Multicast Service is finished,
the session determination unit causing the cal-
culation unit to be restarted after a predeter-
mined period of time elapses, in a case where
the session determination unit determines that
the session of Multimedia Broadcast Multicast
Service has not been finished.

11. A user equipment comprising:

a sending/ receiving unit for carrying out data
communication with a base station in a cell to
which the user equipment belongs;
a reporting unit for (i) measuring a first param-
eter of the user equipment in response to a re-
quest to report measurement of the first param-
eter, which request is received from the base
station via the sending/ receiving unit, and (ii)
reporting, to the base station via the sending/
receiving unit, data of the first parameter thus
measured; and
a start-up determination unit for determining
whether to switch over a radio resource control
state of the user equipment, on the basis of (a)
an accurate reference measurement threshold
value determined with respect to the first param-
eter, received from the base station via the send-
ing/ receiving unit, (b) a value of the first param-
eter of the user equipment, measured by the re-
porting unit, and (c) the radio resource control
state of the user equipment.
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12. The user equipment as set forth in claim 11, wherein:

the reporting unit determines whether to report,
to the base station, the data of the first parameter
measured by the reporting unit, on the basis of
(a) an approximate reference measurement
threshold value determined with respect to a
second parameter, received from the base sta-
tion via the sending/ receiving unit and (b) a val-
ue of the second parameter of the user equip-
ment, measured by the reporting unit.

13. The user equipment as set forth in claim 11 or 12,
wherein:

either the first parameter or the second param-
eter includes at least one of a reference signal
received power, a channel quality indicator, and
a path-loss.

14. The user equipment as set forth in claim 12, wherein:

the first parameter to which the accurate refer-
ence measurement threshold value is deter-
mined and the second parameter to which the
approximate reference measurement threshold
value is determined are identical with each oth-
er.

15. The user equipment as set forth in claim 12, wherein:

the first parameter to which the accurate refer-
ence measurement threshold value is deter-
mined and the second parameter to which the
approximate reference measurement threshold
value is determined are different from each oth-
er, the accurate reference measurement thresh-
old value and the approximate reference meas-
urement threshold value being determined in-
dependently.

16. The user equipment as set forth in claim 11 or 12,
further comprising:

a state checking unit for checking which one of
a radio resource control connected state and a
radio resource control idle state the user equip-
ment is being in,
the reporting unit reporting, to the base station,
the data of the first parameter thus measured in
response to the request to report measurement
of the first parameter in a case where the state
checking unit confirms that the user equipment
is being in the radio resource control connected
state, and
the reporting unit transmitting, to the base sta-
tion via the sending/receiving unit, a random
connection request in response to the request

to report measurement of the first parameter in
a case where the state checking unit confirms
that the user equipment is being in the radio re-
source control idle state, and the reporting unit
reporting, to the base station via the sending/
receiving unit, by use of a radio resource control
connection establishment request, the data of
the first parameter thus measured, in a case
where the reporting unit receives, via the send-
ing/receiving unit, a random connection re-
sponse.

17. A method for switching a radio resource control state,
the method comprising the steps of:

(I) calculating the number of radio resource con-
trol connections currently available in a system;
(II) determining, on the basis of the number of
radio resource control connections currently
available in the system and a threshold value of
radio resource control connections, whether or
not a switchover of a radio resource control state
of a user equipment(s) among one or more user
equipments in a cell is necessary, which one or
more user equipments receive Multimedia
Broadcast Multicast Service;
(III) transmitting a request to report measure-
ment of a first parameter to all of the one or more
user equipments in a cell, in a case where it is
determined that the switchover of the radio re-
source control state of the user equipment(s) is
necessary;
(IV) each of the one or more user equipments
measuring the first parameter of that user equip-
ment in response to the request to report meas-
urement of the first parameter which is thus re-
ceived and reporting data of the first parameter
thus measured;
(V) determining an accurate reference measure-
ment threshold value with respect to the first pa-
rameter on the basis of the threshold value of
radio resource control connections and the data
of the first parameter thus reported, and trans-
mitting the accurate reference measurement
threshold value to all of the one or more user
equipments in the cell; and
(VI) each of the one or more user equipments
determining whether to carry out a switchover
of a radio resource control state of that user
equipment on the basis of (a) the accurate ref-
erence measurement threshold value deter-
mined with respect to the first parameter, trans-
mitted in the step of (V), (b) a value of the first
parameter of that user equipment, measured in
the step of (IV), and (c) a radio resource control
state of that user equipment.

18. The method as set forth in claim 17, the method fur-
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ther comprising the step of:

(VII) determining an approximate reference
measurement threshold value with respect to a
second parameter on the basis of statistical data
or a parameter of a static system,
the step of (III) including transmitting the approx-
imate reference measurement threshold value
to all of the one or more user equipments,
the step of (IV) including each of the one or more
user equipments determining whether to report
the data of the first parameter measured in the
step of (IV), on the basis of (a) the approximate
reference measurement threshold value trans-
mitted to said all of the one or more user equip-
ments, and (b) a value of the second parameter
of that user equipment, measured in the step of
(IV).

19. The method as set forth in claim 17 or 18, wherein:

either the first parameter or the second param-
eter includes at least one of a reference signal
received power, a channel quality indicator, and
a path-loss.

20. The method as set forth in claim 18, wherein:

the first parameter to which the accurate refer-
ence measurement threshold value is deter-
mined in the step of (V) and the second param-
eter to which the approximate reference meas-
urement threshold value is determined in the
step of (VII) are identical with each other.

21. The method as set forth in claim 18, wherein:

the first parameter to which the accurate refer-
ence measurement threshold value is deter-
mined in the step of (V) and the second param-
eter to which the approximate reference meas-
urement threshold value is determined in the
step of (VII) are different from each other, the
accurate reference measurement threshold val-
ue and the approximate reference measure-
ment threshold value being determined inde-
pendently.

22. The method as set forth in any one of claims 17
through 21, wherein:

in the step of (I), the number Na = Nmax - Nc of
radio resource control connections currently
available in the system is calculated on the basis
of the number Nc of radio resource control con-
nections currently established in the system and
the maximum number Nmax of radio resource
control connections available in the system.

23. The method as set forth in any one of claims 17
through 22, wherein:

the threshold value Nth of radio resource control
connections is set previously or dynamically;
and
in a case where the number Na of radio resource
control connections currently available in the
system is less than the threshold value Nth of
radio resource connections, it is determined that
the switchover of the radio resource control state
of the user equipment(s) is necessary.

24. The method as set forth in claim 17 or 18, wherein:

in the step of (IV), a user equipment being in a
radio resource control connected state among
the one or more user equipments directly reports
the data of the first parameter thus measured,
in response to the request to report measure-
ment of the first parameter.

25. The method as set forth in claim 17 or 18, wherein:

in the step of (IV), a user equipment being in a
radio resource control idle state among the one
or more user equipments transmits a random
connection request in response to the request
to report measurement of the first parameter;
and
in a case where that user equipment receives a
random connection response, that user equip-
ment reports the data of the first parameter thus
measured, by use of a radio resource control
connection establishment request.

26. The method as set forth in claim 25, further compris-
ing the step of:

(VIII) after receiving the radio resource control
connection establishment request from the user
equipment, (i) transmitting releasing information
of a radio resource control connection to the user
equipment and simultaneously (ii) temporarily
establishing a resource of a radio resource con-
trol connection with the user equipment and re-
leasing the resource of the radio resource con-
trol connection with the user equipment.

27. The method as set forth in claim 17 or 18, wherein:

in a case where it is determined, in the step of
(II), that the switchover of the radio resource
control connection of the user equipment(s) is
not necessary, the step of (I) is restarted after a
predetermined period of time elapses.

28.  The method as set forth in claim 17 or 18, further
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comprising the step of:

(IX) determining whether or not a session of Mul-
timedia Broadcast Multicast Service has been
finished,

the step of (I) being restarted after a predetermined
period of time elapses, in a case where it is deter-
mined, in the step of (IX), that the session of Multi-
media Broadcast Multicast Service has not been fin-
ished.

29. A method for switching a radio resource control state,
the method comprising the steps of:

a base station determining, on the basis of a
determination condition related to the number
of radio resource control connections, whether
or not a switchover of a radio resource control
state of a user equipment(s) is necessary;
a user equipment reporting, to the base station,
measured data of a first parameter of the user
equipment in accordance with control signaling
of the base station;
the base station determining an accurate refer-
ence measurement threshold value with respect
to the first parameter on the basis of the deter-
mination condition related to the number of radio
resource control connections and the measured
data of the first parameter, reported from the us-
er equipment; and
the user equipment (i) determining whether to
carry out a switchover of a radio resource control
state of that user equipment, on the basis of (a)
the accurate reference measurement threshold
value determined with respect to the first param-
eter, determined by the base station, (b) the
measured data of the first parameter of that user
equipment, and (c) a radio resource control state
of that user equipment, and (ii) carrying out the
switchover of the radio resource control state,
in a case where that user equipment determines
to carry out the switchover of the radio control
state.

30. The method as set forth in claim 29, the method fur-
ther comprising the steps of:

the base station notifying, by control signaling,
an approximate reference measurement thresh-
old value determined with respect to a second
parameter to the user equipment; and
the user equipment determining whether to re-
port the measured data of the first parameter on
the basis of the approximate reference meas-
urement threshold value determined with re-
spect to the second parameter and the meas-
ured data of the second parameter of that user

equipment.

31. The method as set forth in claim 29 or 30, wherein:

either the first parameter or the second param-
eter includes at least one of a reference signal
received power, a channel quality indicator, and
a path-loss.

32. The method as set forth in claim 30, wherein:

the first parameter to which the accurate refer-
ence measurement threshold value is deter-
mined and the second parameter to which the
approximate reference measurement threshold
value is determined are identical with each oth-
er.

33. The method as set forth in claim 30, wherein:

the first parameter to which the accurate refer-
ence measurement threshold value is deter-
mined and the second parameter to which the
approximate reference measurement threshold
value is determined are different from each oth-
er, the accurate reference measurement thresh-
old value and the approximate reference meas-
urement threshold value being determined in-
dependently.
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